To facilitate study, a chemical of the acridan class was given to rats to increase the frequency of vacuolated lymphocytes. The chemical produced inanition and starvation, but this effect per se did not increase the vacuolation. In Wright-Giemsa-stained smears generally clear vacuoles up to 2 pm in diameter were the same as those that occur at a very low frequency in apparently normal animals and humans, in some chemical intoxications in animals, and in some natural diseases of humans. The use of several histochemical stains failed to further characterize the nature of the vacuoles. Samples were then processed for electron microscopic examination. By this procedure, the lymphocytes had membranous cytoplasmic bodies correlated with the presence of the vacuoles. The change appeared identical to light microscopic vacuoles and ultrastructural bodies described in chloroquine intoxication of rats and pigs and certain neurolipidoses of humans.
Rarely, vacuoles occur in the cytoplasm of lymphocytes in the peripheral blood of apparently normal rats [PAYNE, personal observation] and humans [ll, 16, 231 . They are generally not recorded in differential counts and have not been studied in detail. SK&F 14336-D (9-[3-Dimethylamino)propyl]-2chloroacridane) [6] , when given orally to rats, results in an increased number of vacuolated lymphocytes. Vacuoles also occur in lymphocytes in cultures in vitvo after treatment with 'transforming agents' such as phytohemagglutinin and pokeweed mitogen [5] . Lymphocytes with similar vacuoles occur in the neurolipidoses [12] . The lymphocytic vacuoles produced in rats by SK&F 14336-D were examined using light and electron microscopy in an attempt to clarify their nature and possible relation to the spontaneous lymphocytic vacuoles.
In Tay-Sachs disease, large numbers of 'membranous cytoplasmic granules' in the cytoplasm of neurons are seen with the electron microscope [22] . These inclusions measure 0.5-2.0 pm and have a granular center and closely packed membranes. In swine, chloroquine produces numerous neuronal cytoplasmic inclusions that stain intensely with toluidine blue in 1-pm-thick sections of Araldite-embedded tissue [ 131 and are ultrastructurally identical to those in Tay-Sachs disease. In the rat fed chloroquine, myelin figures were seen in the cytoplasm of lymphocytes, other hematopoietic cells, and pancreatic exocrine cells [S].
Materials and Methods
Charles River caesarian-derived (CD) albinotic ratsthe females, 37 days old and averaging 112 g (104-125 g), the males, 33 days old and averaging 115 g (101-125 g) -were randomly divided into three groups (20 drug-treated rats, 40 food-consumption controls, and 20 normal controls) and were dosed by gavage once daily for 7 weeks with a volume of drug solution or vehicle corresponding to 1 % of the body weight.
Drug-treated rats initially were given 100 mg/kg body weight/day. The dose was periodically increased as fast as limiting pharmacologic effect would allow to a maximum of 320 mg/kg body weight/day. The normal control group was dosed with vehicle and allowed food ad libitum. The food-consumption control group received the same amount of food as was eaten by the group receiving drug. The purpose of this group was to determine if the occurrence of vacuolated lymphocytes in the drug-treated rats was related to their diminished food intake.
In order to have a readily available source of affected rats, a second study was done with five control and 10 treated female Charles River CD albinotic rats that were treated similarly except that the maximum daily doses was limited to 250 mg/kg body weight and continued for 15 weeks.
During both of these experiments, the peripheral blood was examined using various stains: Wright-Giemsa, Giemsa, May-Griinwald-Giemsa for coverslip preparations [18] ; toluidine blue [18] ; modification of GOMORI'S method for acid phosphatase [14] ; periodic acid-Schiff for glycogen [9] ; ACKERMAN'S method for masked lipid [l]; oil red 0 [2] ; the Sudan black B methods of SHEEHAN and STOREY [lo], of LISON and DAGNELIE [3] , and of GUTIERREZ and LILLIE [15] ; and BAKER'S acid hematin and pyridine extraction for phospholipid [4] .
For electron microscopy, two control and three dosed rats from the second study were anesthetized lightly with ether and 6-8 ml of blood collected by cardiac puncture in siliconized syringes containing 1 ml of 0.1 M ethylenediaminetetracetate (EDTA). The method for concentrating the leucocytes was patterned after SCHOENBECHLER and BARBARO [20] following RABINOWITZ'S [ 191 technique. The isolated cells were k e d in glutaraldehyde, postfixed in osmium tetroxide, and embedded in Byracote TM epoxy medium. Thin (1 pm) sections were stained with toluidine blue for light microscopy, and ultra-thin sections were stained with lead citrate before examination in an AEI-6B electron microscope.
Results
The drug-treated and food-consumption males gained considerably less weight than the normal controls ( fig. 1 ). Comparable results were obtained with the females. 
Light Microscopy
The number of lymphocytes with vacuoles in the cytoplasm in smears of peripheral blood was increased in the drug-treated group but not in the undernourished group. In fact, no vacuolated lymphocytes were seen in the latter group. The treated females had a higher proportion of vacuolated lym- phocytes than the males ( fig. 2 ). There was a gradual decrease in the proportion of affected lymphocytes at a constant daily dose between days 25 and 45. An increase in the dose on day 45 resulted in an increase in the number of affected lymphocytes.
The cytoplasmic vacuoles were clear ( fig. 3) or contained a few very fine strands. There was either a single large vacuole or several small ones, ranging from the limit of visibility to about 2 ym in diameter. Less often, a large vacuole abutted on the cell wall or filled a cytoplasmic projection. Rarely, some vacuoles contained one or more very small black granules, whereas others contained one or more prominent black granules with a clear halo. The occurrence of the black granules was unrelated to the azurophilic granules that occurred sporadically within the cytoplasm of lymphocytes. The latter were not in vacuoles and their frequency was comparable among rats of the three groups.
In blood smears, the vacuoles were consistently negative to the abovementioned stains for lipid, glycogen, acid mucopolysaccharides, phospholipid, mucoprotein, glycoprotein, and acid phosphatase. They were weakly fluorescent in wet-mount preparations of fresh whole blood.
Electron Microscopy
The lymphocytes from the control rats were of normal ultrastructure. Dense bodies (lysosomes) were seen in a few of the lymphocytes from both control rats.
In the rats given SK&F 14336-D, dense cytoplasmic bodies were a prominent feature of many lymphocytes ( fig. 4-7) . The typical inclusion (granule) was a round to oval membranous cytoplasmic body (MCB), 0.5-1.5 ym in diameter, with concentric or circumferential lamellae of electron-opaque material resembling unit membranes. Single membrane-bound vesicular structures containing less condensed, randomly oriented lamellae and dense bodies also occurred ( fig. 5, 7) . When the membranes were closely arrayed, the inclusion body appeared compact and dense ( fig. 4 ). When the membranes were loosely apposed, however, a less electron-dense, amorphous, intermembranous matrix was evident ( fig. 5 ). By examination of many micrographs, it was concluded that these membranes were continous with the endoplasmic reticulum. 
Discussion
The rare vacuolated lymphocyte in the normal rat has the same appearance in Wright-Giemsa-stained blood smears as those produced by SK&F 14336-D. The compound increased the frequency of the vacuolated lymphocytes so that their nature could be studied. The frequency of vacuolated lymphocytes was directly dose-related; there were more and larger vacuoles per cell than ever seen in normal rats. The only prominent electron microscopic anomaly among lymphocytes from rats with many vacuolated lymphocytes was membranous cytoplasmic inclusion bodies and related structures. These corresponded in frequency, location, and size to the vacuoles seen by light microscopy. It was, therefore, concluded that they were the same.
The vacuoles and their sporadic granular inclusions were not related to the azurophilic granules that occur normally in the cytoplasm of lymphocytes in Giemsa-stained smears. The vacuoles were directly related to the drug, and granules within them were black.
In some other abnormal conditions, vacuolated lymphocytes occur in considerable number. In the differentiation of neurolipidoses [ 121 in humans by light microscopy, an examination of lymphocytes for vacuoles is considered necessary. The vacuole and the MCB described in this report appear morphologically identical to the lymphocytic vacuoles in some of these diseases. In these vacuoles, lipid or PAS positivity, which were reported in one study of the lipidoses of humans [21] , were not observed.
Apparently, the first reported attempt to determine the nature of the lymphocytic vacuoles by using electron microscopy was by KIVALVO and STJERNVALL [17] , who examined cells from a patient with juvenile amaurotic idiocy. They did not, however, report the membranous structures described here. There is a remarkable correspondence between the MCB's illustrated here and the one in the lymphocyte of a child with Niemann-Pick disease in figure 16 of VOLK et al. [24] . These authors noted the correspondence between vacuoles in blood smears stained with Wright's stain and MCB seen with the electron microscope. They also noted that in 'Purkinje cells the lipid inclusions were occasionally noted to be confluent with the endoplasmic reticulum'.
The lesion described here also resembles the lesion produced by chloroquine in rat lymphocytes. The MCB's in the lymphocyte shown by FEDORKO [8] are identical to those seen in this experiment, including continuity with the endoplasmic reticulum. Chloroquine also had the same effect as SK&F 14336-D on body weight-that is, decreased weight gain; and FEDORKO found no abnormal cytoplasmic body in her 'undernourished' controls. The MCB's produced in the nervous system of swine by chloroquine are the same as those produced in the lymphocytes in this experiment. GLEISER [13] did not report any change in the lymphocytes, but subsequently, PIERCE [personal communication, 19701 observed vacuoles in these same experimental animals. Although similar in the light microscope, the fine structural changes produced in human lymphocytes by pokeweed mitogen and phytohemagglutinin differ from each other and from the changes seen here [7] . These agents produce grey globular inclusions usually considered to be lysosomes.
